Investigation on the medical ethnobotany of the Q'eqchi Maya of Livingston, Izabal, Guatemala, was undertaken in order to explore Q'eqchi perceptions, attitudes, and treatment choices related to women's health. Through participant observation and interviews a total of 48 medicinal plants used to treat conditions related to pregnancy, childbirth, menstruation, and menopause were collected and identified followed by the evaluation of 20 species in bioassays relevant to women's health. Results of field interviews indicate that Q'eqchi cultural perceptions affect women's health experiences while laboratory results (estrogen receptor and serotonin receptor binding assays) provide a scientific correlation between empirical medicinal plant use among the Q'eqchi and the pharmacological basis for their administration. These data can contribute to Guatemala's national effort to promote a complementary relationship between traditional Maya medicine and public health services and can serve as a basis for further pharmacology and phytochemistry on Q'eqchi medicinal plants for the treatment of women's health conditions.
Introduction
Due to the unpleasant risks and side effects of long-term pharmaceutical treatment for women's health conditions, specifically menstruation and menopause, women's healthcare and the search for alternative treatment options have become an important focus of global scientific research. Of particular significance is the release of the findings on hormone therapy (HT) (estrogen plus progestin) by the Women's Health Initiative (WHI) (Rossouw et al., 2002) , which displaced the common belief of the protective effects of HT for the treatment of menopausal symptoms. Data from this randomized clinical trial revealed an increase in the incidence of heart disease by 29% and breast cancer by 26%. Thus, many women are reluctant to take HT due to the fear of developing cancer or experiencing unpleasant side effects. Meanwhile, in all aspects of women's health -menstruation, conception, pregnancy, birth, lactation, and the menopause -an immense number of plant species have been and continue to be used by women and traditional healers worldwide (Stuart, 2004) .
In Guatemala, as in other Central American countries, medicinal plants continue to be the most economically and culturally suitable treatment for a variety of health conditions, including those related to women's health (Michel et al., 2006; Browner, 1985; Cáceres et al., 1995; Girón et al., 1991; Orellana, 1987; Ososki et al., 2002; Robineau and Weniger, 1988) . Many of these plants have not been thoroughly documented, yet research on their biological and phytochemical potential may provide important information on their safety and efficacy, not only for women in Latin America, but for women worldwide who are searching for alternative natural therapies for menstrual and menopausal problems. (Nigenda et al., 2001) . Economically, Guatemala is considered to be one of the poorest countries in Latin America, yet it is a nation extremely rich in traditional medical knowledge and biological resources (Cáceres et al., 1995) . According to the Pan American Health Organization, 71% of its total population lives in poverty and less than 60% of the population has access to public services or biomedical health care facilities (PAHO, 1999) . Guatemala continues to have one of the highest rates of infant mortality in Latin America (39 per 1000 births in rural areas) and the institutional capacity to provide formal medical services for only 20% of birthing women (Villatoro, 1996) . Health risks are even greater in the indigenous population, which makes up over 65% of the total national population (Villatoro, 1996) . Being both women and indigenous, Maya women are the most marginalized and oppressed population in Guatemala (Villar Anleu, 1998) . It is estimated that only 17% of Maya women receive any form of formal prenatal care (Lang and Elkin, 1997) and that, approximately 80% of childbirths among Maya women in Guatemala are attended in the home; 74.5% of which are attended by midwives, and 5.5% without any medical assistance (PAHO, 1994; Villatoro and Del Cid, 2003) .
Although access to and utilization of biomedical care remains low, Guatemala has a long history of use of traditional Maya medicine, and approximately 80% of the current population rely on medicinal plants as their primary source of medical treatment (Cáceres, 1996) . The majority of these botanicals, including those used for the treatment of women's health conditions, have not been systematically documented or tested for safety and possible efficacy. Considering that a large portion of the female population of Guatemala are treated with these botanical medicines, there is an immediate need to document this information, collect the plant species used, and scientifically test each plant species in a rational and systematic manner.
The Q'eqchi, also written as "Kekchi", "K'ekchi", "Keqchi", or "Kekche", are currently the third largest Maya population in Guatemala (700,000) and occupy the largest geographic area of any other ethnolinguistic group in the country ( Fig. 1) (Instituto Nacional de Estadísticas, 2002) . Like most Maya communities, the Q'eqchi of the eastern lowlands maintain a rich tradition of medical beliefs and practices that include the use of the native flora to treat a variety of illnesses. Compared to the numerous ethnographic and ethnobotanical studies on the Q'eqchi from the highlands (Carlson and Eachus, 1978; Booth et al., 1992; Wilson, 1995; Cabarrus, 1998; Siebers, 1998; Coe, 1999; Collins, 2001; Hatse and De Ceuster, 2001 ), fewer studies have been made on the lowland Q'eqchi (Arnason et al., 1980; Collins, 2001; Amiguet et al., 2005) and no known ethnographic studies on the Q'eqchi from the eastern lowlands of Livingston, Izabal.
Due to the limited number of interdisciplinary studies on the ethnobotany, biology, and chemistry of medicinal plants used to treat women's health conditions in Guatemala (Cáceres et al., 1995; Girón et al., 1988; Cáceres, 1996) , and the lack of ethnobotanical data on the Q'eqchi Maya of Livingston, this study sought to explore Q'eqchi perceptions, attitudes, and treatment choices related to women's health followed by the biological and chemical investigation of the medicinal plants commonly used by the Q'eqchi to treat symptoms related to menstruation and menopause. The purpose of this study was to provide data related to the safety and efficacy of Q'eqchi botanical medicines with the hope of contributing to Guatemala's national effort to improve public health measures in rural areas through the documentation of Maya medical practices.
Methodology

Study site
The Municipality of Livingston is located in the eastern Department (or State) of Izabal within a region characterized as "a very humid lowland tropical rainforest" (Holdridge et al., 1971) . At elevations ranging from 0 to 200 m above sea level, Livingston receives over 3000 mm of annual rainfall with humidity levels of 76-85%. The Municipality of Livingston is surrounded by water, with the Río Dulce being its main water source and aquatic "highway". The Río Dulce is bordered on the South by the Sierra de Las Minas Mountains, on its North side by the Santa Cruz Mountains, and to the South by the Mico Mountains.
Ethnobotanical fieldwork, including interviews and plant collections, was undertaken in six localities: (a) in four rural Q'eqchi Maya villages, (b) at the site of the non-profit Q'eqchi organization Asociación Ak'Tenamit (in the village of Barra Lámpara), and (c) in the semi-urban town of Livingston (Fig. 1) . All of these sites are located in the State of Izabal, Municipality of Livingston. The four Q'eqchi villages were selected among the approximately 45 Q'eqchi villages in the Livingston area based on their geographic separation from each other and previous contact (1999) (2000) (2001) (2002) (2003) made by the first author with village women, elders, and healers.
Interviews
Due to the limited ethnographic data on women's health in Latin America and the lack of systematic explorations on the biological activity of plants used to treat women's health complaints in Guatemala, extended participant observation (1999) (2000) (2001) (2002) (2003) (2004) and 8 months of in depth ethnobotanical field study (November 2003 -June 2004 was carried out (Michel et al., 2006) . A total of 50 individuals from 4 rural Q'eqchi villages and the semi-urban town of Livingston were interviewed, including 5 traditional Q'eqchi male healers (curanderos), 4 Q'eqchi female midwives (comadronas) and 1 Garifuna midwife, and 40 Q'eqchi men and women with no specialty healing expertise ranging in age from 18 to 60 years of age.
Interview methods to gather information on Q'eqchi cultural beliefs and practices regarding women's health included participant observation in women's daily activities (hauling water, making tortillas, and childrearing), open and semi-structured interviews with men and women, plant walks, and focus group discussion. Interviews were conducted in Spanish by the first author or in Q'eqchi with the assistance of a local interpreter. To initiate an interview, information on age, gender, occupation, birthplace, and religious affiliation was gathered. Each partici- pant was then asked to verbally list all health conditions specific to women, to share their beliefs regarding allowable and prohibited activities surrounding pregnancy, childbirth, menstruation, and menopause, and to name the plant species they use to treat these conditions. Interviews lasted anywhere from 30 min to 2 h, depending on the informants level of knowledge and willingness to share their information. A total of 50 interviews were conducted (25 men, 25 women) using the UIC IRB (Institutional Review Board) protocol number 2002-0514; informed consent was received from all participants before the interviews began (Michel et al., 2006) .
Plant sample collection and identification
Prior to initiating fieldwork, a Memorandum of Understanding (MOU) was negotiated and signed between the University of Illinois at Chicago (UIC) and the University of San Carlos in Guatemala City (USAC). Permission to collect botanical specimens was granted by the Guatemalan National Council on Protected Areas (CONAP). During or after each interview, plants stated to be used to treat conditions related to pregnancy, childbirth, menstruation, and menopause were pointed out by each informant and collected. For each species, detailed documentation of location, use, preparation, administration, and healing beliefs were recorded. Whenever possible, five herbarium specimens were collected for each plant and voucher specimens were deposited at the Herbarium of the School of Biology (BIGU) at the University of San Carlos and at the John G. Searle Herbarium of the Field Museum in Chicago (F). At the same time, 100-500 g of the used plant part were collected and dried in a solar herb dryer (built by J. Michel and R. Duarte) for biological assays. Initially, all plant collections were identified with the assistance of plant taxonomists at the BIGU herbarium, later through the help of taxonomists at the Field Museum.
Plant extract preparation
Dried plant material of each species was hand milled and approximately 100 g of each sample was extracted at the University of San Carlos laboratory with 500 mL of 95% ethanol. This process was repeated three times for an exhaustive extraction. The filtered solvents were combined and evaporated under vacuum, then stored at room temperature until it was time to ship them to UIC for testing in estrogen and serotonin competitive binding assays.
Estrogen receptor binding assays using ER α and ER β receptors
Estrogen binding assays were performed according to previously published procedures (Obourn et al., 1993) . This experiment is a competitive binding assay and was performed in order to determine the percent by which plant extracts inhibited the ability of radio labeled ( 3 H) estradiol to bind to the estrogen receptor. Such inhibition would indicate that there may be a constituent within the plant that has binding affinity for that receptor.
Screening was performed using an EtOH extract concentration of 50 g/mL. The reaction mixture consisted of 5 L of each extract dissolved in dimethysulfoxide (DMSO), 5 L of pure human recombinant diluted ER ␣ (estrogen receptor alpha) or ER ␤ (estrogen receptor beta) (0.5 pmol) in ER binding buffer, 5 L of 'Hot Mix' (400 nM), prepared fresh using 3.2 L of 25 M, 83 Ci/mM 3 H-estradiol, 98.4 L of ethanol, 98.4 L of ER binding buffer, and 85 L ER binding buffer. Twenty four hours before the assay, 50% (v/v) hydroxylapatite (HAP) slurry was prepared using 10 g hydroxylapatite in 60 mL of TE buffer (50 mM Tris-Cl, 1 mM ethylenediaminetetraacetic (EDTA), pH 7.4) and stored at 4 • C. ER binding buffer (10 mM Tris, 10% glycerol, 2 mM dithiothrietol, 1 mg/mL bovine serum albumin, pH 7.5), Er ␣ [40 mM Tris, 100 mM KCl, 1 mM EDTA, 1 mM ethylene glycol (EGTA), pH 7.5], and Er ␤ (40 mM Tris, pH 7.5) wash buffers were prepared subsequently.
Incubation was performed at room temperature for 3 h after which the experiment was terminated by adding 100 L of 50% HAP slurry to each tube followed by incubation on ice for 15 min, with vortexing every 5 min. Respective ER wash buffers were then added (1 mL), and the tubes were vortexed again and centrifuged at 2000 × g for 5 min. The supernatant was discarded and this wash step was repeated two more times until a pellet formed at the bottom of each tube. This HAP pellet, containing the ligand-receptor complex, was then re-suspended in 200 L ethanol, and transferred to scintillation vials to measure binding affinities. Four milliliters of Cytoscint TM fluid was added per vial and the samples were counted. The percent inhibition of [ 3 H]-estradiol bound to the ER by each extract was determined as follows:
The competitive binding capability (percent) of the sample was then calculated in comparison with the inhibition of estradiol (50 nM, 100%). All samples were tested in duplicate.
In vitro serotonin receptor (5-HT 1A,5A,7 ) binding assay
Radioligand binding studies for the serotonin subtypes 5-HT 1A and 5-HT 5A were performed according to procedures described by Rees et al. (1994) with the purpose of determining the binding activity of ethanol extracts compared to [ 3 H]5-carboxamidotryptamine (5-CT). For the 5-HT 7 receptor binding studies, [ 3 H] LSD was used to measure the binding ability of ethanol extracts. Cell culture conditions, membrane preparation, and assay procedures for this assay were performed at UIC according to methods previously described (Burdette et al., 2003) . Following the same principles as the estrogen bioassay, the serotonin assay measures the ability of plant extracts to inhibit the binding of a radio-labeled ligand, in this case [ 3 H] 5-carboxamidotryptamine, to the serotonin receptor. The presence of such inhibition would indicate that there may be a constituent within the plant that has binding affinity for that receptor (Silfen et al., 1999) .
To summarize, 2-4 mg/mL of plant extract in DMSO was diluted with sterile water for a final concentration of 50 g/mL. Plant extracts were then added to Cos M6 (green monkey kidney) cell membranes in a cell homogenate preparation (750 L) with [ 3 H] 5-carboxamidotryptamine (5-CT) (1.0 nM final concentration, 200 L), and assay buffer (100 mM Tris-HCl, 1 mM EDTA, 1% ascorbic acid, pH 7.7). This solution was then incubated at 37 • C for 30 min. Incubations were terminated by rapid filtration (Tomtec, 48 well harvester) through Printed Filtermat B filters and washed four times with 1 mL ice-cold assay buffer. Filters were then dried and melted onto scintillation wax. [ 3 H] 5-CT was used to determine non-specific binding which accounted for <10% of total binding (defined by inclusion of 10 M 5-CT). Competition and ligand binding data was then analyzed using non-linear curve fitting techniques (RSI, Radlig). All samples were tested in duplicate.
For the 5-HT 7 bioassay, 2-4 mg/mL of each plant extract was diluted 40-fold in DMSO for a final concentration of 100 g/mL.
The assay was performed using the human recombinant Chinese hamster ovary (CHO) cell membrane and [ 3 H] LSD (5 nM) in an incubation buffer (75 mM Tris-HCl, 1.25 mM MgCl 2 , 1 mM EDTA, pH 7.4) (Roth et al., 1994) . After a 1 h incubation period at 37 • C, the mixture for the 5-HT 7 receptor was filtered over 934-AH Whatman filter paper that was presoaked in 0.5% polyethylenimine and washed twice in ice-cold 50 mM Tris buffer (pH 7.4) using a 96-well Tomtec-Harvester (Orange, CT). The filter was then dried and suspended in Wallac microbeta plate scintillation fluid (PerkinElmer Life Sciences, Boston, MA) and counted with a Wallac 1450 Microbeta liquid scintillation counter (PerkinElmer Life Sciences). 5-HT (250 nM) was then used to define non-specific binding, which accounted for <10% of total binding. Percent inhibition of [ 3 H] ligand bound to each 5-HT receptor was then determined as [1 − (dpm sample − dpm blank )/(dpm DMSO − dpm blank )] × 100. Each plant extract was tested in triplicate with the data presented representing the average of these three determinants.
Results
Q'eqchi concepts surrounding health and healing
The Q'eqchi possess a number of cultural perceptions around health and well being that differ from the Western biomedical model of disease etiology and that affect health-seeking behaviors, practices, and outcomes. The Q'eqchi Maya of Livingston perceive man as composed of the following elements: body (Tz'ejwalej), spirit (Musuq'ej), heart (Ch'oolej), and shadow (Muhel) (Siebers, 1998) . Consequently, health and well being are dependent on finding balance and harmony between all of these elements. An imbalance in any of these elements can cause unhappiness and/or physical or psychological illnesses (i.e. spirit loss). According to the Q'eqchi, all living creatures on earth are seen as possessing a guardian spirit that can become angered if respect and homage are not paid prior to initiating a particular activity. For the Q'eqchi this translates into a number of rules and regulations that must be honored in order to maintain harmony, including prayers and rituals to Ajaw (God) and to the 13 local mountains, or Tzuultaq'a (mountain-valley), prior to hunting wild game, cutting down a tree for firewood, building a home, or collecting a plant for medicinal purposes. These prayers and incantations usually incorporate the use of candles, herbs, and incense, and are commonly performed in the forest or in a cave by a healer or community leader that has received training in Q'eqchi prayers and rituals. In regard to healing practices, the Q'eqchi believe that these ceremonies are essential to a medicinal plant's efficacy. Furthermore, if such ceremonies are not performed, the patient as well as the healer may suffer from a more severe illness or be attacked by a venomous snake. Overall, the Q'eqchi consider women to have a weaker constitution than men, due, in part, to the debilitating effects of menstruation, pregnancy, and post-partum recovery. There are a number of cultural taboos and restrictions surrounding women's health, which affect the way Q'eqchi women experience these conditions (Michel et al., 2006) .
Q'eqchi medicinal plants for women's health
A total of 48 plants belonging to 26 families were mentioned by the Q'eqchi for their use in treating women's health ailments (Table 1) . Of these 48 plants, 31 were collected from the field, 30 of which were identified to species and one to genus. Seventeen of the 48 plants, belonging to 13 plant families, could not be located or collected to verify their correct taxonomic identity. Five of these 17 plants did not grow in the area but were purchased from the market. Market plants were available in bulk, but without the presence of fruits or flowers for identification purposes. Table 2 presents the common names and uses of these plants.
In vitro results in estrogen and serotonin bioassays
Of the 12 species tested in estrogen receptor binding assays, 5 (42%) bound to the ER ␣ , and 6 plant extracts (50%) bound to the ER ␤ , with activity being defined as greater than 50% binding at a concentration of 50 g/mL (Table 3) . Smilax domingensis had the most significant binding to the ER ␣ receptor (67%), while Piper hispidum displayed the greatest activity in the ER ␤ bioassay (76%). With the exception of Piper hispidum, all 12 plants showed similar binding affinity for both receptors. Table 2 Recorded names and uses of plants for women's health complaints by the Q'eqchi but for which voucher specimens could not be collected The binding preference of Piper hispidum for the ER ␤ receptor suggests that it may contain compounds that act as selective estrogen receptor modulators (SERM). SERMS bind to estrogen receptors and produce estrogen-like (agonist) effects in some tissues (e.g. skeletal and cardiovascular system) and estrogenblocking (antagonist) effects in other tissues (e.g. uterus and breast). Nine out of the 11 species (82%) that were tested bound (>50% binding at 50 g/mL) to the 5-HT 1A serotonin receptor, with Cissampelos tropaeolifolia showing the most significant binding activity (88%). Five out of 11 species (45%) bound to the 5-HT 5A receptor with Piper poeppigiana demonstrating the strongest binding (78%), followed by Piper hispidum (76%) and Hibiscus rosa-sinensis (70%). Ten of the 16 species (63%) tested bound to the 5-HT 7 serotonin bioassay assay, with activity being defined as greater than 50% binding at 100 g/mL. Piper hispidum (96%), Cissampelos tropaeolifolia (94%), and Hyptis verticillata (89%) showed the greatest binding to the 5-HT 7 receptor. With the exception of Rondeletia stachyoidea, all eight extracts tested positive in both the 5-HT 1A and 5-HT 7 bioassay. 5-HT 1A and 5-HT 7 have similar drug sensitivities, similar structural configuration, and are both located in the hypothalamus where they might be involved in hormonal regulation (Burdette et al., 2003) . Similar affinity by the plant extracts in this study for both receptors suggests further support for these claims.
Discussion
Since the 1950's, hormonal therapies (HT) containing estrogen and/or progesterone have been the mainstay for the treatment of premenstrual distress and menopausal symptoms. More recent advances in the treatment of PMS and menopause also include the use of antidepressants such as sertraline (Zoloft), fluoxetine (Prozac), and paroxetine (Paxil) that act as selective serotonin reuptake inhibitors (SSRIs). Considering recent concern over the increase of breast cancer, coronary heart disease, and stroke associated with the use of steroidal hormone therapy (Rossouw et al., 2002) , and the unpleasant side affects associated with the use of SSRIs (nausea, diarrhea, decreased libido), studies that search for alternative therapies and mechanisms of action to treat women's health complaints are needed (Rossouw et al., 2002; Mahady et al., 2003) .
The purpose of the present work was to provide scientific support for the medicinal uses of plants by the Q'eqchi for the treatment of women's health disorders, particularly menstrual and menopausal symptoms and discomfort. The results demonstrate that plants used by the Q'eqchi for these purposes showed significant in vitro activity in estrogen and serotonin receptor binding assays. Although the absence or presence of activity through in vitro bioassay evaluation does not necessarily correspond directly to in vivo efficacy; nevertheless, these data do suggest that plants used traditionally to treat women's health complaints by the Q'eqchi have a plausible mechanism of action and therefore warrant further animal and human studies.
A literature review of the plants used by the Q'eqchi for women's health complaints reveals that many of these species are also used traditionally to relieve women's health complaints in other Latin American countries and cultural groups. For example, the leaf of Cecropia peltata (Cecropiaceae ; Table 1, JM26) , or Guarumo, also known as Trumpet Tree by the Maya of Belize and Guatemala and by the Paya of Honduras, used by the Q'eqchi to expel the placenta, lower the womb, and to treat nervousness and insomnia, is also commonly used in a bath for rheumatism, and as a tea to treat nervous conditions, menstrual problems, and to ease the pain of childbirth (Lentz, 1989; Comerford, 1996; Cáceres, 1996) . Dioscorea bartletti Morton (Dioscoreaceae; Table 1, JM08) is among the many species of Dioscorea referred to as wild yam which are known to have a long history of medicinal use in Central America and were popular among the ancient Aztec and Maya people. The Q'eqchi administer a decoction of the rhizome of Dioscorea bartletti to treat stagnant blood and anemia, whereas other groups in Latin America have used decoctions of the rhizome of various Dioscorea sp. to relieve the pain of childbirth and cramps, to treat painful menstruation, ovarian pain, and to alleviate vaginal cramping (Rodriguez Martinez, 1987; Ososki et al., 2002) . The leaves of Piper auritum (Piperaceae; Table 1 , JM03) are used as a tea by the Q'eqchi to treat dysmenorrhea or placed on the breast as a galactagogue, while the Garifuna of Guatemala use the leaves of Piper auritum to treat ovarian pain, rheumatism, and gonorrhea (Girón et al., 1991) . The leaves of this species are also used in Nicaragua to treat anemia, rheumatism, and to ease the pain of childbirth (Barrett, 1994) . In Mexico Piper auritum leaves are used as an emmenagogue and to speed childbirth, whereas the root is administered to remove the placenta (Browner, 1985) , and in Panama the leaves are used as an emmenagogue (Gupta et al., 1996) . Piper hispidum (Piperaceae; Table 1, JM32) known as puchuq by the Q'eqchi and used as a tea to treat dysmenorrhea, amenorrhea, and body aches is also commonly known as cordoncillo and also used in Nicaragua to ease aches and pains (Coe and Anderson, 1996) , in Peru to regulate menstruation, and in the Amazon to treat urinary infections (Duke and Vásquez, 1994) . A literature review of the biological activity of the aforementioned plants revealed that only four plants; Dioscorea sp., Hyptis verticillata, Hibiscus rosa-sinensis, and Scoparia dulcis had corresponding published biological data relevant to their traditional use in treating women's health complaints. Dioscorea sp., or wild yam, is commonly used as an ingredient of commercial topical progesterone creams to treat menopausal hot flashes, but its effectiveness has not been demonstrated (Komesaroff et al., 2001) . Yams are known to contain sapogenins, specifically diosgenin, a precursor to progesterone. While the human body is incapable of transforming diosgenin into progesterone, yams do appear to exert a hormonal influence when taken orally (not topically) (Higdon et al., 2001) . Oral administration of diosgenin to female rats induced an increase in uterine weight, vaginal opening and vaginal cell proliferation, and reduced bone loss; suggestive of an estrogenic mechanism of action (Higdon et al., 2001 ). In our study, Dioscorea bartletti, used by the Q'eqchi to treat stagnant blood and anemia, displayed mild in vitro binding affinity (51%) for both the estrogen alpha and beta receptor. The aerial parts of Hyptis verticillata, exhibited in vitro antiinflammatory activity as determined by the extract's ability to inhibit prostaglandin synthesis (ether, petroleum ether, and acetone extracts) and cyclooxygenase (50 g/mL) (Kuhnt et al., 1995) . Anti-inflammatory medications are often effective in relieving menstrual discomfort and may explain the traditional use of Hyptis verticillata by the Q'eqchi to release the placenta and to treat erratic menstruation. Our results on Hyptis verticil-lata (89% binding to the 5HT 7 receptor) suggest that there may also be a serotonergic mechanism of action and rationale for the use of Hyptis verticillata. Hibiscus rosa-sinenses is a popular herbal remedy among numerous geographically and culturally distinct populations and include flower extracts used as emmenagogues, abortifacients, contraceptives, and labor inducers (Kabir et al., 1984) . There are a number of biological studies on Hibiscus rosa-sinensis from India. One study examined the effects of the administration of the benzene extract to female albino mice. Results showed a dose-dependent increase in the duration of estrus, premature cornification of vaginal epithelium, and an increase in uterine weight, thereby suggesting mild estrogenicity (Murthy et al., 1997) . Furthermore, the authors of this paper concluded that an increase in ovarian ascorbic acid was also an indication of the depletion of pituitary LH. In contrast, another study indicated a dose-dependent suppression of an estroneinduced gain in uterine weight in bilaterally ovariectomized immature rats thereby concluding that both the alcoholic and benzene extract of Hibiscus rosa-sinensis extract demonstrated antiestrogenic activity (Kholkute and Udupa, 1976) . Results on the estrogenic activity of Hibiscus rosa-sinensis from the present study do not support these findings, but rather, suggest that Hibiscus rosa-sinensis may exhibit serotonergic activity (61% and 70% binding to the 5HT 1A and 5HT 5A serotonin receptors, respectively). Although the estrogenic and serotonergic activity of Scoparia dulcis was not tested in the present study, data from in vitro ligand binding studies conducted in Belgium (Hasrat et al., 1997) revealed that an ethanol extract of Scoparia dulcis showed binding affinity to the 5HT 1A serotonin receptor (>50% at 100 g/mL). Furthermore, scoparinol, a diterpene isolated from Scoparia dulcis, demonstrated sedative activity by a marked potentiation of pentobarbital-induced sedation, showing a significant effect on both the duration and onset of sleep (p < 0.01) (Ahmed et al., 2001 ).
Conclusions
The majority of the world's population does not have access to pharmaceuticals, including steroid based pharmaceuticals to treat women's health complaints (World Health Organization, 2004) . Studies show that, instead, many women worldwide rely on herbal remedies to treat hormonally regulated health conditions (Browner, 1985; Cáceres et al., 1995; Duke and Vásquez, 1994; Ososki et al., 2002) . Our results present data for the first time on the traditional use and in vitro biological activity of medicinal plants used by the Q'eqchi Maya of Livingston, Izabal. The results of this work provide a scientific basis to support the traditional use of these plants by the Q'eqchi, yet further research is needed to access the safety and toxicity profile of these empirically based medicinal products. Above all, due to the popularity of herbal therapies used worldwide for the treatment of women's health complaints, coupled with the lack of scientifically tested safe and effective treatment options to treat menstrual and menopausal symptoms, our results provide additional data on Latin American herbal remedies toward the development of standardized phytomedicines to treat women's health conditions. The Ministry of Health in Guatemala is in the process of recognizing traditional Maya medicine as a formal system of healthcare in Guatemala (PAHO, 2001 ). In the past, the government created a program of traditional and alternative medicine (Programa Nacional de Medicina Popular Tradicional Alternativa) in an attempt to sensitize the biomedical community on traditional medical practices and to establish a safer environment under which traditional healers could practice. A preliminary inventory of healers was made in 2004, and some workshops were held to coordinate these activities toward the creation of this national program. A desire was also manifested to support a national medical herbarium (Herbario Médico Nacional) that would house the most frequently used and documented medicinal plants in the country.
Although Guatemala's Acuerdo de Paz or postwar Peace Accords signed in 1996 officially acknowledged the sovereign rights of the Maya to practice their traditional medical practices, nonetheless, most Maya practitioners remain outside of any formal medical sector, lacking any specific support from the government (Nigenda et al., 2001) . In terms of medicinal plants used in their practice, these remain largely unstudied and there are currently no formal government initiatives to study the safety and efficacy of the botanicals currently being used by the majority of the national population. The only initiative put into action for the past 20 years or so comes from the academic sector, in an effort to screen and find the scientific rationale on the use of medicinal plants by these populations.
Finally, it may be stated that the qualitative field results obtained in the present study (Michel et al., 2006) have contributed to a better understanding of Maya medical beliefs and cultural concepts surrounding women's health, while the experimental laboratory results support their empirical use by the Q'eqchi, compel the need to further investigate these and other herbal treatments remedies, and underscore the need and value of government programs and initiatives that support such endeavors.
